Deoxyribonucleic acids (DNAs) from an unnamed species of microorganism (bovine encephalitis isolate) previously placed in the family Brucellaceae and from representative species of this family were thermally denatured t o determine mole percentages of guanine plus cytosine (mol %G+C). The results established that DNA from the bovine encephalitis isolate, had a mol %G+C of 37.3 * 0.2, which was between values for Haemophilus influenzae and Francisella tularensis. Values for mol %G+C of the other microorganisms in this family agreed with previously reported data. A heterogenous group of microorganisms composed of six different overlapping genera and the BE1 were in the range of 3 3 t o 46 mol %G+C. Because the mol %G+C of the genera in this group did not differ statistically, the proper taxonomic position of recognized members of the family Brucellaceae was questioned.
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In 1956, a previously undescribed encepha-and Oklahoma (20) . The microorganism has litic condition of cattle termed "infectious been referred to as a Haemophilus-like organism embolic meningoencephalitis" was reported (20, 25) , Haemophilus somnus ( 6 , 7) , an from Colorado ( 12) . The primary encephalitic Actinohacilhs actinoides-like organism ( 1 ), and lesion was cerebral infarction. Lesions were an Actinobacillus species (1 1). Experimental characterized by thrombosis of blood vessels, reproduction of lesions resembling those seen in hemorrhage, necrosis of brain tissue, and field cases of the disease has been reported by subsequent septic infection of the affected area. inoculation of suspensions of the microorga-Streptococci and corynebacteria were isolated nism into susceptible calves (1, 7, 16, 20) . from several specimens and thought to be During the course of a survey designed to reliable cultures. However, most isolates were establish the incidence, distribution, and etioldescribed as gram positive or gram negative ogy of the various encephalitides of the bovine cocci and/or bacilli, but were not identified to in Kansas (W. E. Bailie, Ph.D. thesis, Kansas genus and species. A similar condition, this time State Univ., Manhattan, 1969), 47 isolates of a involving the isolation and partial characteriza-similar microorganism were recovered from tion of a Haemophilus-like organism, was brains of 121 cattle with a similar encephalitic reported from cattle in California in 1960 ( 16) . condition. Cultural, morphological, and bio-Reports of infections in a variety of syn-chemical examination of these isolates deterdromes, involving what was considered t o be the mined that they were essentially identical to same microorganism, have come from Illinois (8, the previously described agents ( 1 1, 16) (Tables  111, Kansas (1, 271 fluids, or certain other enrichment substances Present address: Department of Veterinary Sci-of animal origin. Examination of growth-factor ence, University of Arizona, Tucson, Ariz. 85 721. requirements indicated that the microorganism Portion of a dissertation presented by the senior sion in the family Brucellaceae, but assignment Blood agar Haemophilus. It has been noted that the guanine plus cytosine content of deoxyribonucleic acid (DNA) from microorganisms has taxonomic significance (1 0) and that the characteristic should be included in future species descrip-served that accepted and proposed members of the genus Brucella have similar DNA base compositions and that polynucleotide homologies of species in the genus are similar (15) . Because these relationships have been established for the genus Brucella, we anticipated that they might apply to other genera in the family Brucellaceae. This study was designed to establish the guanine plus cytosine content of DNA from the bovine encephalitis isolate (BEl) and from organisms in other genera of the family Brucellaceae with anticipation that this charac- 23, 1973 BOVINE ENCEPHALITIS ISOLATE DNA 233 teristic would provide a basis for better definition of these genera.
MATERIALS AND METHODS
Bacterial strains and cultural conditions. Typical strains of the genera selected for DNA extraction were obtained from various sources (see Table 3 DNA extraction. DNA was extracted by conventional and modified conventional procedures (3, 15, 17) . Bacterial cells grown on agar media were harvested with a rubber policeman while rotating the petri dish on a Spray-Fisher turntable (Fisher Scientific Co., St. Louis, Mo.). Cells of species not in the family Brucellaceae were then suspended in 0.15 M sodium chloride plus 0.1 M ethylenediaminetetraacetic acid (saline-EDTA) at pH 8. Cells grown in broth were harvested by centrifugation at 3440 X g, and the pellet was resuspended and washed with saline-EDTA, recentrifuged at 3440 X g, and suspended in 0. Cellular digestion and lysis were accomplished by 4 h of incubation at 60 C, and the mixture was then cooled to room temperature. The concentration of SLS was brought to 2%, and 5 M sodium perchlorate (to a final concentration of 1 M) plus an equal volume of chloroform-isoamyl alcohol (24: 1) were added. The mixture was shaken on a wrist-action shaker (Burrell Corp., Pittsburgh, Pa.) for 30 min, and the resulting emulsion was centrifuged a t 4950 X g for 20 min. The aqueous layer was carefully decanted, placed in a Louis, Mo.) per ml were added, and the mixture was incubated at 37 C for 30 min. Self-digested Pronase (15) (50 pglml) was added, and the mixture was incubated for 4 h at 45 5 After the addition of SLS (to a concentration of 1%) and an equal volume of cold, distilled, water-washed phenol, the mixture was shaken at 4 C for 20 min. Chloroform-isoamyl alcohol (1 m1/25 ml) was added before shaking to help stabilize the phenol layer. The resulting emulsion was centrifuged at 12,100 X g at 4 C. The aqueous layer was decanted, acetate-EDTA (3 M sodium acetate plus 0.001 M EDTA at pH 7.0) was added (1 :lo), and the DNA was spooled out on a glass rod with the dropwise addition of 0.54 vol of isopropanol. The collected DNA was redissolved in 0.1 SSC and held in sterile screw-capped tubes at 4 C over one to two drops of chloroform. DNA was prepared from the remaining microorganisms essentially the same way except that cells were suspended in saline-EDTA and lysed at 60 C for 10 min in the presence of 2% SLS without Pronase. B. megaterium was lysed with 50 pg of crystalline lysozyme (Pentex lnc., Kankakee, Ill.) per ml for 30 min at 37 C before adding SLS and incubating at 60 C.
Determination of DNA base composition.
Determinations of the DNA base ratios, expressed as the molar ratios of guanine + cytosine/adenine + thymine + guanine + cytosine X 100 (mol %G+C), were performed essentially as described by Marmur and Doty (18) . Thermal denaturation of DNA was accomplished at a 0.5 SSC concentration. DNA samples in 0.1 SSC were concentrated to approximately 0.5 SSC by adding 10 SSC and were equilibrated at 0.5 SSC concentration by repeated dialysis. The hyperchromic shift at 260 nm was followed with a Gilford (Gilford Instruments Laboratories, Inc., Oberlin, Ohio) recording spectrophotometer on a Beckman (Beckman Instruments, Inc., Fullerton, Calif.) model DUR monochromator with a heated sample chamber. The thermosensor was standardized with a stem-corrected National Bureau of Standards thermometer. Absorbance was corrected for thermal expansion of water. Temperature at the midpoint of absorbancy increment ( T m ) was calculated as described by Marmur centrifugation (2, 15, 18, 23) . A minimum of three Tm determinations were made on all species. Depending on the estimated or previously determined Tm of strains examined for DNA base composition, E. coli or P. mirabilis DNA samples in 0.5 SSC were examined in parallel as standards.
RESULTS AND DISCUSSION
Calculated values for mol %G+C of microorganisms studied are presented in Table 3 . The formula for the standard regression curve derived from an average value for a minimum of five T m 's and average values generally accepted for mol %G+C of established species was: %G+C = Tm -63.54/0.47. When the average T m value obtained for established species was used in the derived formula, calculated values for the species were within 0.67 mol %G+C of the average values given in the literature.
To isolate DNA from members of the family Brucellaceae, we modified conventional methods because of problems with the BEI. Apparently, an extremely potent nuclease, inactive at 60 C and not inhibited by chelating agents or SLS, is present in the cell proteins of the BEI. After BE1 cells had been suspended in saline-EDTA and lysed at 6 0 C for 10 min in the presence of 2% SLS and when they were being cooled to room temperature, we noted that the solution, even if cooled rapidly, lost much of its viscosity. Attempts t o complete the conventional procedure were unsuccessful, and a modification was sought. Because the nuclease appeared t o be inactive at 60 C, that seemed the appropriate point at which it could be inactivated. Consequently, Pronase was added to the cell suspension before adding SLS and incubating (at 60 C for an extended period) to effect digestion of the nuclease. We then could isolate what was considered to be high-quality DNA. DNA prepared from the BE1 had an average A 2 8 0 / A 2 6 0 at 25 C of 0,534 and an average percentage of increment at A 2 6 0 of 28.98 when thermally denatured. Values on samples of DNA isolated from E. coli or P. mirabilis by the modified method were essentially the same as values for DNA isolated by conventional methods.
Based on thermal denaturations, the value for mol %G+C for DNA from the BE1 was 37.3 k* 0.2. By placing in numerical order values (obtained in this study and from the literature) for members of this family, the BE1 value fell between those for H. influenzae and F. tularensis and did not differ significantly from either ( (14) . Bordetella pertussis DNA had a value of 64.8 f 0.1 mol %G+C, which indicated that these two organisms possibly had similar polynucleotide sequences. Their base compositions were essen tially identical and significantly different from any other genera in this family. Values obtained in this study for the actinobacilli and pasteurellas also compared favorably with those reported by Bohacek and Mraz (4) for these organisms ( Table 4) .
The value obtained for mol %G+C for P. multocida was 40.3 * 0.3, which was approximately 3% higher than, but not significantly different from, values previously reported for that organism (2). The value was, however, significantly different from that for P. tularensis and supported Ritter and Gerloff (21) , who hybridized P. multocida DNA t o an extent of 0.5% relative to homologous with P. tularensis DNA. The two species were not considered to be closely related, and both sets of data supported the new genus Fran cisella previously proposed for P. tularensis. The results of this study clarified the taxonomic standing of organisms in the genus Bordetella; relationships of other genera in the family remained confused. Arrangement of values for mol %G+C for Yersinia, Moraxella,
Hae m o p h ilus, Pasteu rella, A c t in o bacillus, BE I,
and Francisella species in numerical order resulted in a heterogeneous group of microorganisms with a range of only 13% and much overlapping of genera ( Table 4) . By using a ' Results of a minimum of three thermal denaturation curves with the mean and standard deviation.
Identified as Pasteurella boviseptica.
Identified as Pasteurella aviseptica. significant difference of 3.4 mol %G+C, no single species was differentiated from its neighbors. It was evident either that certain microorganisms were misclassified or that DNA base composition had little taxonomic significance in classifying genera in the family Brucellaceae. Future studies on the similarities of the polynucleotide sequences of these microorganisms may clarify the relationships.
Organisms with closely related base compositions are believed to be phylogenetically related if they possess similar morphological, physiological, biochemical, and other characteristics (10, 19, 26) . The BE1 possesses many taxonomic characteristics in common with members of the genus Haemophilus (11, 16, 2 5 ) and, in addition, has a DNA base composition within 1% of the value obtained for H. influenzae . Because this microotganism is associated with specific (1, 6, 7, 12, 16, 20, 27) disease entities of cattle and has been referred t o only in the vernacular, it would be highly desirable to propose a scientific name for it. The microorganism has been referred to as Haemophilus somnus (6, 7 ) , as proposed by one of us (W. E. B., Ph.D. thesis), but this name has not been validly published. However, we cannot at present justify the inclusion of this microorganism in the genus Haemophilus as presently defined (28) . Additional examination of growth factors and polynucleotide homologies may clarify the taxonomic considerations.
